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AFPEA  PROJECT  NO.  85-P-103 

TITLE:  Free  Breathing  Static  Dehumidification  (FBSOH )  System 

Field  Test  Results  (Prototype  Units) 

ABSTRACT 

*  Deterioration  of  materiel  from  moisture  induced  corrosion  in 
shelter/trailers/vans  (S/T/Vs)  during  shipping/storage  led  to  the 
development  of  a  self-contained  system  which  would  maintain  a 
relative  humidity  (RH)  of  40  percent  or  less  within  a  S/T/V  for  a 
period  of  two  years  without  desiccant  changes.  This  particular 
system  is  static  because  there  is  not  an  external  means  to  gener¬ 
ate  its  operation  of  maintaining  the  RH  of  40  percent  or  less. 

Six  prototype  FBSDH  Systems  were  fabricated  under  contract  number 
33700-81-C-0074.  Five  units  were  placed  in  a  field  service  test 
at  SM-ALC/DSTD »  McClellan  AFB  CA  and  one  unit  was  placed  in  a 
field  service  test  at  HQ  AFLC/DSTZ ,  Nright-Patterson  AFB  OH.  The 
field  test  operation  was  established  to  verify  the  prototype 
design  and  to  determine  the  actual  life  of  the  desiccant  charge. 

The  first  year  results  of  the  two  year  field  test  data  indicate 
that  the  prototype  FBSDH  system  did  not  verify  the  design 
requirement  of  maintaining  a  40  percent  or  less  RH  in  the  inte¬ 
rior  of  the  S/T/Vs.  However*  it  is  anticipated  that  the  FBSDH 
system  will  maintain  the  40  percent  or  less  RH  level  when 
properly  installed  in  a  fully  refurbished  S/T/V  or  in  a  new 
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EXECUTIVE  SUMMARY 


The  US  Air  Force  has  long  recognized  the  need  for  environmental 
protection  of  materiel  in  shelters/trailers/vans  (S/T/Vs)  during 
shipping/storage.  Deterioration  of  materiel  from  corrosion,  due 
to  the  presence  of  excessive  moisture  in  S/T/Vs  results  in  high 
maintenance  costs  to  the  US  Government. 

The  moisture  problem  has  been  addressed  at  various  times  in  the 
past  years;  however,  the  goals  to  meet  the  operating  and  design 
requirements  have  fallen  short  of  providing  state-of-the-art 
environmental  protection  for  equipment.  Variables  such  as  the 
quantity  of  desiccant  required,  the  effective  placement  of 
desiccant,  and  the  service  life  of  the  desiccant,  have  not  been 
fully  explored. 

A  self-contained,  modular  unit  has  been  developed  under  contract 
to  provide  a  dry  storage  environment  for  materiel  inside  of 
S/T/Vs  by  maintaining  a  relative  humidity  (RH)  of  40  percent  or 
less  for  a  period  of  two  years  without  desiccant  changes. 

Field  test  operations  were  established  with  five  shelters  at  SM- 
ALC/DSTD  and  one  shelter  at  HQ  AFLC/DSTZ  to  verify  the  prototype 
design  and  to  determine  the  actual  life  of  the  desiccant  charge. 
It  should  be  noted  that  the  S/T/Vs  used  at  SM-ALC/DSTD  were  not 
new  shelters,  but  were  reconditioned  in  an  extensive  sealing 
operation  to  reduce  the  amount  of  leakage  into  the  S/T/V.  Conse¬ 
quently,  the  field  test  operation  was  initiated  with  less  than 
ideal  S/T/Vs  with  the  best  effort  conditions. 

Results  of  the  first  year  of  the  two  year  field  test,  15  Jan  1985 
through  31  Dec  1985,  indicate  that  the  design  of  the  prototype 
FBSDH  system  did  not  verify  the  design  requirements  by  maintain¬ 
ing  a  RH  of  40  percent  or  less  in  a  S/T/V.  However,  it  is 
anticipated  that  the  FBSDH  system  will  maintain  the  40  percent 
or  less  RH  level  when  properly  installed  in  a  fully  refurbished 
S/T/V  or  in  a  new  S/T/V. 


INTRODUCTION 


BACKGROUND;  During  storage  and  transportation  of  S/T/Vs /  proper 
corrosion  control  is  not  always  accomplished.  Resulting  in 
repair/replacement  of  electronic  items  in  S/T/Vs.  A  prototype 
FBSDH  system  has  been  developed  under  contract  to  reduce  humidity 
and  prevent  water  induced  corrosion  of  electronic  equipment 
housed  in  S/T/Vs. 

Preliminary  design  parameters  for  the  FBSDH  system  were 
established  from  published  literature  on  dehumidification  sys¬ 
tems.  The  conceptual  design  was  developed  and  laboratory  tested 
to  verify  design  criteria.  An  estimated  two  year  service  life 
for  the  desiccant  charge  was  derived  from  the  laboratory  tests. 

To  determine  the  actual  service  life  of  the  desiccant/  field  test 
operations  were  established  at  SM-ALC/DSTD /  McClellan  AFB  CA  and 
HQ  AFLC/DSTZD,  Wr ight-Patter son  AFB  OH. 

The  FBSDH  system  was  designed  to  be  effective  for  a  S/T/V  size  of 
B'xB'xlO1  (640  cu  ft).  The  FBSDH  system  is  a  self-contained 
modular  unit  which  allows  air  flow  through  the  unit  when  placed 
in  a  sealed  S/T/V  during  shipment/storage.  This  air  flow  (or 
breathing)  is  created  by  changing  environmental  conditions.  The 
FBSDH  system  is  a  static  system  because  air  is  not  circulated  by 
dynamic  dehumidification  machines  or  fans. 

The  components  of  the  system  are  suitable  for  use  in  an  environ¬ 
ment  of  -40  degree  F  (-40  degree  C)  to  +155  degree  F  (+68  degree 
C).  The  system  is  designed  for  a  breathing  cycle  of  90  degree  F 
at  95  percent  RH  to  +120  degree  F  at  40  percent  RH  with  five 
hours  of  in-breathing  and  five  hours  of  out-breathing  during  each 
24  hour  period. 

For  a  FBSDH  system  to  work/  all  breathing  air  in  and  out  of  the 
S/T/V  must  pass  through  the  FBSDH  system.  Therefore/  the  S/T/V 
must  be  adequately  sealed  to  ensure  that  all  breathing  in  and  out 
of  the  S/T/V  is  only  through  the  FBSDH  system. 

The  FBSDH  system  is  designed  to  be  easily  installed  and  removed 
from  a  S/T/V  (see  Appendix  A).  The  only  modification  requited  to 
a  S/T/V  is  to  cut  a  hole  in  the  wall  or  door  to  install  the  FBSDH 
system.  Also/  the  system  can  be  completely  serviced  without 
opening  the  S/T/V. 


PURPOSE ;  The  purpose  of  the  field  service  test  project  is  to 
verify  the  prototype  design  of  the  FBSDH  system  and  to  determine 
the  actual  life  of  the  desiccant  charge. 


TEST  SPECIMENS :  Six  systems  (Figures  1  through  6  and  Appendix  B) 
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were  fabricated  under  Air  Force  contract  number  33700-81-C-0074 
by  AGM  Container  Controls/  Inc.#  3526  E.  Lowell  Road#  P.0.  Box 
40020/  Tucson  AZ  85717-0020.  Five  systems  were  installed  in 
shelters  at  SM-ALC/DSTD/  McClellan  AFB  CA  95652  and  one  system 
was  installed  in  a  shelter  at  HQ  AFLC/DSTZ/  Air  Force  Packaging 
Evaluation  Agency  (AFPEA)/  Wr ight-Patterson  AFB  OH  45433-5999. 

The  interior  of  the  walls  and  roof  of  shelters  1/  2,  3,  and  4  at 
SM-ALC/DSTD  are  foam  and  beam  construction/  while  shelter  number 
5  is  constructed  of  paper  honeycomb  materials.  The  interior  of 
the  shelter  at  HQ  AFLC/DSTZ  is  not  insulated  and  the  walls  and 
roof  are  constructed  of  sheet  metal. 

Test  Outline  and  Test  Equipment 

Equipment  used  to  monitor  the  interior  relative  humidity  (RH)  and 
temperature  (T)  of  the  shelters  during  the  field  service  test  is 
as  follows; 

a.  Probes  for  Humidity  and  Temperature  Measurement 
Vaisala,  Model  HMP  23  UT 

(T  =  -20  degree  C  to  +80  degree  C/-4  degree 
F  to  +176  degree  F) 

b.  Transmitters 
Vaisala,  Model  HMT-13B 

(T  =  -20  degree  C  to  +80  degree  C  and  RH  0  to 
100  percent)  with  4-20mA  output  signal  for  both  RH  and 
T. 

c.  Data  Logger,  Precision  Digital 
Model  No.  1045-FTM-MA-N-N 
Serial  No.  208666 

The  shelter  tightness  test  for  air  and  water  leakage  was  conduc¬ 
ted  in  accordance  with  the  methods  in  Appendix  C,  and  performed 
on  the  S/T/Vs  prior  to  installation  of  the  FBSDH  system  (see 
Figures  7,  8,  and  9).  At  this  time,  an  extensive  sealing 
operation  was  necessary  with  a  polysulfide  compound  to  eliminate 
the  excessive  air  leakage.  No  requirement  for  the  pressure/vacuum 
decay  rate  had  been  established  at  this  time.  Equipment  used  for 
this  test  was  fabricated  by  AFPEA  personnel  in  accordance  with 
Figure  7  and  was  forwarded  to  SM-ALC/DSTD  for  their  use  in  the 
preparation  of  the  shelters  for  the  field  service  tests. 

After  the  shelter  tightness  tests  were  completed,  a  draw-down 
test  was  performed  to  dehumidify  the  interior  atmosphere  of  the 
shelter(s).  To  lower  the  RH  in  these  shelters,  draw-down 
cartridges  from  the  FBSDH  system  were  installed  to  expose  the 
silica  gel  (desiccant)  to  the  shelter  environment.  In  the  draw¬ 
down  confi*  ration  (Figures  1,  5,  and  Appendix  D),  approximately 


84  percent  of  surface  area  of  the  silica  gel  is  exposed  to  the 
internal  S/T/V  environment/  promoting  the  absorption  of  excessive 
moisture  from  the  shelter  interior  into  the  silica  gel. 


Upon  completion  of  the  draw-down  phase,  the  draw-down  cartridges 
were  removed  from  the  housing  and  service  cartridges  were  placed 
into  the  housing  to  start  the  field  service  tests  (Appendix  b)  . 

The  remote  humidity  indicator  (Figures  1,  10,  anu  11)  is  used  to 
display  the  percentage  of  interior  humidity  in  tne  S/T/V  and 
should  be  obs-erved  at  frequent  intervals. 

Layout  of  the  shelter  positions  in  the  field  test  operations  are 
shown  in  Figures  12  and  13  at  SM-ALC/DSTD,  McClellan  AFB  CA  and 
f!Q  AFLC/DSTZ,  dr ight-Patterson  AFB  OH,  respectively . 

Table  I  outlines  tne  interim  reporting  for  the  data  obtained  from 
the  field  service  testing. 

Test  Procedures  and  Results 

Inspect  ion 

Six  systems  were  shipped  from  the  contractor  ACM  Container  Con¬ 
trol,  Inc.,  to  SM-ALC/DSTD.  Visual  inspection  of  the  exterior  anc 
interior  surfaces,  markings,  hardware,  strapping,  seals,  and 
any  manufacturing  imperfections  was  made  by  engineering  personnel 
from  SM-ALC/DSTD. 

Results:  Results  of  the  visual  inspection  was  sa t isf actory . 

Workmanship  on  the  systems  was  classified  as  excellent. 

S/T/V  T i ghtness  Test 

The  S/T/V  tightness  test  was  conducted  in  accordance  with  methods 
in  Appendix  C. 

Results :  Results  of  the  pressure/ vacuum  tests  are  annotated  in 

Table  II  and  indicate  that  2.0"  Water  Pressure  (WP)  held  for 
approx imately  30  minutes  or  less  in  each  of  the  shelters,  with 
the  exception  of  shelter  Mo.  1  at  SM-ALC/DSTD.  These  results 
conclude  that  the  shelters  were  not  very  air  tight  (excluding 
No.  1  at  SM-ALC/DSTD).  All  shelters  required  an  extensive  sealing 
operation  to  establish  the  values  in  Table  II  and  were  considered 
satisfactory  to  initiate  further  testing.  A  pressure/vacuum  decay 
rate  had  not  been  established;  therefore,  the  data  was  retained 
to  determine  the  decay  rate  criteria  for  the  S/T/Vs. 

Draw-Down  Procedure 


The  draw-down  procedure  to  pre-dry  the  shelters  was  conducted  in 


accordance  with  the  methods  in  Appendix  0. 

Results ;  Results  of  the  draw-down  are  annotated  in  Table  III. 

The  shelters  at  SM-ALC/DSTD  were  below  30  percent  RH  for  the 
draw-down  phase  and  were  put  into  their  service  mode  immediately. 
Also/  more  than  40  hours  were  required  for  the  draw-down  period. 
The  draw-down  phase  at  HQ  AFLC/DSTZ  reached  10.4  percent  RH,  but 
this  figure  may  be  erroneous  because  of  problems  with  the 
recording  equipment.  However/  since  this  is  the  only  RH  value 
available  on  the  shelter  interior/  after  4  days  in  the  draw-down 
phase/  it  was  considered  satisfactory  and  FBSDH  system  was  put 
into  its  service  mode. 

Field  Service  Test 


The  field  service  test  was  conducted  in  accordance  with  methods 
in  Appendix  C. 

Results :  The  field  service  test  for  1985  at  SM-ALC/DSTD  are 

displayed  in  Figures  14  through  21  and  are  as  follows: 

Shelter  No.  1:  From  Table  III#  the  draw-down  phase  obtained  a 
minimum  RH  reading  of  28.8  percent.  From  the  follow-on  data. 
Figure  14,  the  interior  RH  continued  to  increase  as  the  field 
service  test  was  continued.  No  effort  was  made,  however,  to 
restart  the  field  service  test  since  the  data  was  required  for 
evaluation  of  the  FBSDH  System.  Figure  14  indicates  that  the 
interior  maximum  RH  for  each  day  throughout  1985  remained  above 
the  40  percent  level.  When  the  draw-down  phase  was  initiated, 
little  temperature  cycling  occurred  (see  Figure  15)  under  high  RH 
environmental  conditions  (see  Figure  16).  Therefore,  it  has  been 
determined  that  these  conditions  contributed  to  the  FBSDH 
system's  inability  to  maintain  the  internal  maximum  RH  of  40 
percent  or  luss.  In  addition,  it  has  been  determined  that 
moisture  may  have  been  trapped  in  the  interior  walls  of  the 
shelter.  The  sealing  operation  on  the  outer  surface  only  allowed 
the  moisture  to  migrate  into  the  shelter  interior  and  resulted  in 
the  high  RH  readings  throughout  1985  (see  Figure  14). 

Shelter  No.  2:  The  draw-down  phase,  Table  III,  obtained  a  minimum 
RH  reading  oT  11.9  percent  and  was  considered  satisfactory  to 
start  the  service  phase.  The  data  from  Figure  17  displays  the 
interior  maximum  RH  for  1985  below  the  40  percent  level  only 
after  the  draw-down  phase  and  throughout  the  month  of  August. 

This  indicates  that  the  draw-down  phase  did  reduce  the  interior 
RH  and  that  moisture  migrated  from  the  interior  of  the  walls  and 
was  absorbed  by  the  FBSDH  system.  This  resulted  in  the  higher 
interior  RH  readings  for  the  first  3  months  of  1985  (see  Figure 
17).  However,  from  April  to  August  greater  temperature  cycling 
occurred,  promoting  the  FBSDH  system  to  reactivate  itself  and 
dissipate  t^e  absorbed  moisture  into  the  external  environment. 
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This  was  eviauit  in  the  bthn  40  percent  i  n-jr.  throughout 

Auju.,t  (sec*  ifij  ute  17,  Julian  to  2  1  o  C>  224).  In  the  latter 
pSjTt  ut  l  j  3  5  /  t  r.  OIU  i'iIDcl  to  J-.0<  --*JL  I  the  tOl.ijOCdtuCC 

difference  1  a  r  s'  '  j  rt' l  l  .  i.  i:  j  (  jet*  i  .  jUl  l.1  j _  5 ,  ,  i  tU  - 1  c  j  t  i  *i  j 
less  nrcath  i  n  .  I...a  caUoti  tile  internal  22  to  increase  [set 
Fi-jcCe  Id).  Visual  exam  i  i.  a  t  ion  of  the  shelter  exterior  dia  not 
reveal  any  deterioration  to  the  s  c  a  1 eo  olOj..  ,  t n r e f o r e  it  hue. 
wen  determined  that  the  lam;  or  to* insert. tor-  u yci  in-  causes  the 
higher  interior  R!l  recordings.  The  iie-U  service  te.  t  c:  oc  i j 
continues  tat  uckutional  date. 

—  h  e  i  t  e  r  1 1 a  .  j  ;  i . : o*  dLu*~'juwi»  p  n  a  a  e  ,  idim  i  i  L  /  i s  c  1 1 1 . e a  . .  i  n  l .  a . 
2.?  rcdo.Jivjt  o l  1.  j  .  o  percent  a n o  *,  a . .  joio  i  ei  1 1 oiaclcr  i  to 

initiate  the  service  phas-' .  Figure  l  J  dup.  1  uys  the  draw -down 
p  fl  il  S  0  ,  a  to  la  .■  v'lj  .  >  0  ,  -  lu  e  e  a  tile  internal  ••  all  -ilUl-  2  i  .  t.a  2  a  •  a 
percent.  In  the  service  ^nasw,  the  oaxur  t  .  .  j  c  aduo  1 J  ,  increased 
to  ti:e  25  to  45  percent  level  cue  iiiaintaiued  chat  level  until  the 
end  at  November  isee  ciyurc  ih,  Julian  autos  325  to  333  ).  At  the 
enc,  or  MoveMi.  Dec,  the  internal  maximum  RH  aa  cc-auoed  to  20  percent . 
At  the  fceymniiiij  of  J.'ecembor ,  the  max  in.  urn  internal  ill!  i  nor casco 
to  approximately  23  percent  u  Je-  .  ainly  to  hi-ju  external  Ru 
conditions  caused  from  ran  .  The  year  of  19u5  closed  with  the 
maximum  internal  RH  of  31  percent.  The  per f ormunee  of  the  shelter 
Mo.  2  throughout  1385  was  very  ...it  isf  actory ;  however,  testing  has 
continued  for  additional  data- 


Sne  1  ter  Mo .  _4:  The  aruw-oown  phase.  Table  III,  obtained  a 

mi nTmum  Rll  of  20.7  percent  arid  was  considered  satisfactory  to 
initiate  the  service  phase .  Figure  19  cispla/s  tire  draw -down 
phase,  lb  to  17  Jan  1935,  reduced  the  internal  maximum  Eli)  to  33 
percent.  The  internal  ..,ax  imin.i  RH  .jrac'u.i  1 1  y  increased  to  t;.e  55  to 
60  percent  level  until  .id-June  and  remained  at  that  level  until 


the  *d  of  November  .  It  had  been  detori.-ined  that  moisture 
migrated  froi.i  the  interior  of  the  shelter  walls  and  was  aosorbed 
'ey  the  FUSDii  system.  This  results'  in  the  55  to  60  percent  RH 
level  from  June  to  :.o  ve-mbe  r .  At  the  bojinninj  of  December,  the 
internal  maximum  KM  dec. rear  ed  gradually  over  a  two  week  period  to 
approximately  45  percent,  then  increased  to  approximately  52 
percent  (see  Figure  15).  This  increase  in  internal  RH  corresponds 
to  an  increase  in  the  environmental  RH  and  r  i  iri  /  conditions  (see 
I’  i  j  u  r ;  16).  Finally,  the  /ear  closed  with  a  internal  maximum  RH 
of  42  percent  an.  it  appeared  the  FBSOH  system  be^an  to 
reactivate  itself.  Testing  is  beirnj  continued  for  additional 
d  a  t  a  . 


She  Iter  No .  f> :  The  draw-di  wn  phase,  Table  III,  obtained  a 
M.i  ni,..Uii.  internal  RH  of  L9 . 0  percent  and  was  considered 
satisfactory  to  start  the  service  phase.  Fiance  20  displays  the 
draw-down  phase  had  reduced  the  internal  maximum  KH  to  jy 
percent .  In  the  service  phase,  the  internal  .i.jxiuu.i.  Xi!  followed 
the  external  max  imtni  RH  trends  (see  Figure  lu )  throughout  the 
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yeac  except  ice  uoveiiiuwf  ana  Oetewoef .  This  correspondence 
Detween  internal  anu  external  maximum  Kli  was  anticipated  because 
of  tne  poor  shelter  condition  and  the  inability  or  tne  sneltef  to 
holo  pressure  or  a  vacuum  (see  Vaoie  II).  It  appears  from  s’ijutc 
20  that  the  FiiSDh  system  began  to  reactivate  itself  during  the 
last  two  nionths  of  198b.  Testing  is  being  continued  for 
aaditional  aata. 


Results  of  tne  field  service  test/  Figures  22  anu  23/  at  i'C 
AFLC/DSTZ  are  as  follows: 

Shelter  he .  1:  The  draw-down  t-nase  ,  Table  III,  obtained  a 
nnniiuu.il  internal  RH  of  2.9  pure  at,  but  this  value  ...ay  se 
erroneous  due  to  problems  with  the  recording  equipment.  however, 
since  this  is  tne  only  RH  value  available  on  the  shelter 
interior,  it  was  considered  satisfactory  and  the  FBSDH  system  was 
put  into  its  service  operation.  Fiyuce  22  displays  the  draw-down 
phase,  3  to  13  August  198b,  obtained  a  internal  maximum  RH  of 
38.2  percent.  Throughout  the  service  phase ,  tne  internal  maximum 
RH  remained  below  the  GO  percent  level  except  on  12  to  lb  Septem¬ 
ber  ,  29  to  21  November  and  2  to  3  December.  These  results  are 
favorable,  since-  the  internal  humidity  was  kept  below  the  level 
of  the  external  conditions  (see  Fiyure  23).  However,  condensation 
may  have  formed  on  the  uninsulated  walls  aim  roof  because  the 
level  cf  internal  maximum  humidity  is  generally  above  40  percent. 
The  field  service  test  is  boiny  continued  for  additional  data. 

Cost : 


'•1 
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Cost  studies  foe  production  quantities  have  been  completed  and 
are  summarized  an  follows: 

MULTIPLE  LIMIT  PRICE  ESTIMATE 


NUMBER  OF  FBSDH  SYSTEMS  PRICE  PER  FBSDH  SYSTEM 


10  -  25 

$3400 

26  -  50 

$2400 

51  -  100 

$1700 

101  -  500 

$1300 

501  -  1000 

$1000 

1000  or  mere 

$950 

MCi’E 


a.  A  FBSD.i  system  consists  of  one  (1)  housing, 
one-  (1)  re  mote  indicator  tube,  two  (2)  relative  humidity 
indicators  and  three  (3)  cartridges  filled  with  silica 
y  e  1  . 
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D.  ft  ICOb  include  [JL'tSt'CVatlOil  Lee  till, 

cdctc in  accordance  with  IllL-P-llo  Submetheti  l,»-l* 
anJ  coxmerci  vl  .  nek  i  ny  for  the  complete  s /stem. 

c.  ’’trices  act  toe  planning  purposes  i:i  1964  dollars. 


Cone ion  z 

li.jiilta  cf  tne  first  year  of  the  two  yeac  field  tetv  ice  test, 

15  Jan  85  t  hr  ouch  31  Dec  85,  did  not  verify  the  design  cf  the 
prototype  FiiJJUIl  system  by  maintdiniruj  a  40  ..cccsit  or  leas  r:i  in 
tile  interior  or  the  3/T/Vs.  S/T/Vo  used  in  the  fiela  test  opera¬ 
tion  at  SM-ALC/US’ were  net  new  and  required  an  extensive  seal¬ 
ing  operation  an  the  doors,  fasteners,  yaskets  and  any  other 
openings  to  prevent  ait  leakage.  The  shelter  at  AFPEA  was  not 
insulated  and  nad  a  wooden  floor;  therefore,  the  floor  required 
the  application  of  a  water-barrier  laminate.  Consequently,  the 
field  test  operation  was  initiated  with  less  than  ideal  ?/i/Vs 
and  with  best  effort  cef urbishiny  conditions.  However,  it  is 
anticipated  that  the  FBSDH  system  will  ii.aintain  the  40  percent  or 
less  RM  level  when  properly  installed  in  a  fully  refurbished 
S/T/V  or  in  a  new  S/T/V. 

All  shelters  acquired  the  40  percent  or  less  RH  requirement  for 
the  draw-down  phase,  but  when  the  service  phase  began  the  RH 
yradually  increased  above  the  40  percent  level.. Three  ot  the  live 
snelters  at  SK-ALC/usto  inc.s  J,  4  and  5)  had  coinciding  internal 
maximum  RH,  but  at  siiyhtly  different  humidity  levels.  Hour  or 
the  five  shelters  at  SM-ALC/DSTD  (Mo.s  2,  3,  4  ana  5)  obtsinco 
similar  internal  maximum  RH  trends  duriny  the  summer  months  (May 
tnrouyh  Auyust).  Sheitec  No.  i  at  SM-ALC/DSTD  remained  consis¬ 
tently  above  the  40  percent  level  in  its  service  mode.  The  shel¬ 
ter  at  AFPEA  also  went  above  the  40  percent  level  auriny  its 
service  phase  throughout  1005.  However,  the  internal  maximum  RH 
was  approx  imately  25  percent  RH  lower  than  the  maximum  environ¬ 
mental  RH  for  the  same  yiven  period.  The  various  RH  trends  were 
createo  by  the  different  S/T/V  conditions.  It  has  also  been 
determined  that  moisture  m  the  interior  of  the  walls  of  the 
shelters  at  SM-ALC/DSTD  miyratec  into  the  shelter  interior  and 
was  absorbed  by  the  FBSDH  system  at  different  rates  and  resulted 
m  greater  than  ^0  percent.  RH  thceuyhout  1935. 

Further  examination  of  the  data  indicate  more  emphasis  is  re¬ 
quires’  in  the  following  oreas: 

i.  A  method  to  detect  localised  water-intrusion  throuyh  the 
external  surface  of  the  shelter  structured  panel  (from  TO  35E4- 
1-162,  paragraph  4-29)  will  be  conducted  prior  to  the  pres- 
sure/vacuum  test  to  help  determine  the  condition  of  the  S/T/V: 


'v'VA'>/.-.y 


a.  DETECTION  OF  LOCALIZED  WATER-INTRUDED  AREAS.  If,  during 
periodic  inspection,  delamination  is  suspected  on  an  external 
surface  of  the  shelter  structural  panel,  the  panel  must  be 
further  examined  to  determine  possible  causes  before  repair  is 
made.  The  most  reliable  and  efficient  method  of  detecting  delam¬ 
inations  and/or  voids  is  to  use  the  coin-tap  method.  The  extent 
of  the  delamination  and/or  void  must  be  marked  with  chalk  or  a 
marking  pen.  Before  repair,  reinspect  the  area  within  the 
marked  outline  for  any  possible  holes,  riveted  doublers,  or 
bolted  fittings  which  either  lack  sealant  or  where  sealant  has 
cracked  or  peeled  away.  If  sealant  is  defective  or  missing,  it 
is  almost  certain  that  water  has  intruded  inside  the  panel  and 
damaged  the  core  material. 

Refer  to  the  appropriate  procedure  in  TO  35E4-1-162  for  the  type 
of  repair  that  is  required.  (Appendices  C,  The  S/T/V  Tightness 
Test,  and  D,  The  Draw-Down  Procedure,  must  be  changed  to  reflect 
this  procedure.) 

2.  The  S/T/V  housing  the  FBSDH  system  must  have  a  pres¬ 
sure/vacuum  decay  rate  that  will  hold  2.0”  WP  for  60  minutes 
(Appendix  B,  The  Prototype  Unit,  paragraph  1.4  and  Appendix  C, 
The  S/T/V  Tightness  Test,  paragraphs  4.6  and  5.2,  must  be 
changed  to  indicate  this  decay  rate). 

3.  The  draw-down  RH  of  40  percent  or  less  must  be  held  for  a  24 
hour  period  to  ensure  that  the  maximum  RH  level  for  that  day  is 
actually  below  the  40  percent  or  less  level.  (Appendices  D,  The 
Draw-Down  Procedure,  and  E,  The  Preparation  and  Maintenance  of 
the  FBSDH  System,  paragraph  2.1,  roust  be  changed  to  indicate 
this. ) 

4.  The  service  phase  must  be  initiated  after  a  proper  draw-down 
phase  (see  #2),  between  1200  and  1600  hours,  when  the  external 
RH  is  approaching  its  lowest-  level  of  the  day.  (Appendix  E,  The 
Preparation  and  Maintenance  of  the  FBSDH  System,  paragraph  2.1, 
must  be  changed  to  reflect  this.) 

From  test  information  gathered  thus  far,  it  has  been  determined 
that  limited  implementation  of  the  FBSDH  system  should  be  start¬ 
ed.  An  operational  test  and  evaluation  of  the  FBcnH  system 
should  be  planned  and  coordinated  with  ESD  Hanscom  AFB.  Procure¬ 
ment  of  the  new  FBSDH  units  should  incorporate  all  modifications 
or  changes  in  design  developed  as  a  result  of  prototype  field 
test  operation  at  SM-ALC  and  HQ  AFLC .  In  addition,  the  new  FBSDH 
systems  should  be  installed  into  new  S/T/Vs  to  ensure  that  the 
units  are  used  to  control  the  interior  environment  rather  than 
extracting  and  absorbing  trapped  moisture  from  the  S/T/V's 
walls. 


Recommendations : 


1.  Continue  with  the  field  service  testing  at  SH-ALC/DSXD 
tnrough  31  Oct  Bo  to  determine  if  the  FBSDH  will  reactivate 
itself  during  the  summer  months. 

2.  Continue  with  the  field  service  testing  with  Shelter  No.  1 
at  HQ  AFLC/DSTZ  through  31  Aug  36. 

3.  Pressure/ vacuum  tost  should  be  conducted  at  the  conclusion  of 
the  field  test  operations  at  SM-ALC/DSTD  and  HQ  AFLC/DSTZ. 

4.  Complete  data  evaluation  for  the  entire  field  test  operation 
at  SM-ALC/DSTD  and  HQ  AFLC/DSTZ,  to  determine  trends  in  the  R!I 
and  temperature  of  the  interior  shelter  environments. 

5.  Value  engineer  the  FBSDH  system  to  reduce  the  unit  cost  and 
increase  the  unit's  effectiveness  (increase  the  amount  of 
desiccant ) . 

6.  Pending  completion  of  the  field  service  test,  coordinate  and 
select  with  ESD  Hanscom  AFB  a  program  to  implement  an  operation¬ 
al  test  and  evaluation  of  the  FBSDH  system  into  new  S/T/Vs. 


APPENDIX  A 


INSTALLATION  OF  A  FREE  BREATHER  STATIC  DEHUMIDIFICATION 
SYSTEM  AND  HUMIDITY  INDICATORS  IN  A  SHELTER/TRAILER/VAN 

1.0  INTRODUCTION 

1.1  Two  humidity  indicators  are  used  with  the  installation  of 
the  FBSDH  system.  One  humidity  indicator  is  installed  in  the 
cover  of  the  FBSDH  system  and  the  other  is  installed  through  the 
wall  of  the  S/T/V  in  a  location  away  from  the  FBSDH  system.  The 
humidity  indicator  installed  in  the  cover  of  the  FBSDH  system  is 
a  guide  to  the  condition  of  the  desiccant  in  the  FBSDH  system. 

The  humidity  indicator  located  away  from  the  FBSDH  system  is  a 
guide  to  the  RH  in  the  S/T/V. 

1.2  The  humidity  indicators  contain  a  color  change  disc  which 
changes  from  blue  to  lavender  to  pink  as  the  RH  increases  and 
turns  back  to  blue  as  the  RH  decreases. 

1.3  Each  color  change  disc  is  divided  into  four  segments/  these 
segments  correspond  to  30/  40/  50/  and  60  percent  RH  respec¬ 
tively.  For  example/  if  the  40  percent  segment  of  the  disc  is 
lavender  or  pink/  the  humidity  indicator  is  indicating  a  RH  of 
over  40  percent.  But  it  is  also  indicating  that  the  RH  is  less 
than  50  percent. 

1.4  The  FBSDH  system  is  a  self-contained  modular  unit.  The 
FBSDH  system  is  designed  to  be  easily  mounted  and/or  removed  from 
the  exterior  wall/door  of  a  S/T/V. 

1.5  The  air  inlet  tube  to  the  FBSDH  system  is  designed  to 
protect  against  the  ingress  of  blowing  snov ,  rain/  dirt/  insects/ 
animals/  birds  and/or  other  foreign  materials. 

1.6  Each  FBSDH  system  module  was  designed  to  hold  enough  units 
of  desiccant  for  a  service  life  of  two  years  and  should  maintain 
the  RH  of  40  percent  or  less  in  a  S/T/V  that  is  S'xB'xlO'  when  in 
accordance  with  MIL-STD-210B,  Table  V. 

INSTALLATION  OF  FBSDH  SYSTEM 

2.0  The  FBSDH  system  is  to  be  installed  in  the  main  structure  of 
the  S/T/V. 

2.1  The  separate  humidity  indicator  is  to  be  installed  in  the 
structure  of  the  S/T/V  as  described  in  paragraph  2.6. 


2.2  Select  a  location  in  the  structure  of  the  S/T/V  for  instal¬ 
lation  of  the  FBSDH  system.  Check  carefully  for  clearance  around 


the  FDSDrJ  system  ano  particularly  the  clemence  to r  protrusion  of 
the  t'BSDti  system  into  the  S/T/  J .  In  the  ..tui-down  conf iyurat ion 
a  clearance  of  14  inches  ie  required  around  the  cartridges.  Tne 
FBSDH  system  cover  must  do  a'-essible  f com  the  exterior  S/T/V  for 
servicing  while  the  S/T/V  is  in  ntoraye.  A  door  of  the  S/T/V  is 
the  preferred  location. 

2.2  'Jsiny  the  template  shown  in  Figure  24 ,  cut  the  required 
opening  for  the  installation.  I  £  the  out  is  m  hone /como  or 
sancwien  construction,  seal  the  tiller  uet*.oi  the  inside  ano 
outside  sheath iny  with  a  polysuitide  coi^onm  ( conf ormi n3  to  tlL- 
3-0 1733 ,  l  y  p  e  1-2,  solvent)  m  a  well  ventilated  area,  .-.efer  tc 
i'C  3/24-1-162,  parajrat>tis  4-lb,  4-16  ano  4-17  tor  further  in¬ 
structions  on  application  procedures. 

2.4  Apply  a  thin  coatiny  of  seulor  (poi ysul f ide  coaipound)  to  the 
inside  surface  of  the  mount  iny  flariye  on  the  FBSDH  system  hous¬ 
ing,  and  attaen  the  r’boUli  nousit,  j  to  the  S/T/V  us  iny  rivets  or 
drive  Screws.  he move  excess  s  e  a  L  e  r  . 

2.6  Check  the  installed  FBSDH  system  for  clearance  and  room  for 
protrusion  of  the  cartridyeo  into  the  S/T/V. 

2.6  Select  a  location  for  the  separate  humidity  indicator  tube. 
This  location  should  be  remote  from  the  FBSDH  system  main  unit. 
The  opposite  end  of  the  S/T/V  i^  the  preferred  location;  however, 
the  separate  humidity  indicator  may  be  installed  at  any  location 
more  than  five  feet  away  from  the  FBSDH  ana  about  four  feet  above 
the  bottom  of  the  S/t/V.  The  separate  humidity  indicator  should 
be  installed  in  a  location  that  can  oe  viewed  when  the  S/T/V  is 
in  storaye. 

2.7  Usiny  trie  template  shown  in  Fiyure  li,  cut  an  openiny  foe 
the  separate  humidity  indicator  tube.  seal  the  openiny  cut  and 
the  flarnje  of  the  holder  as  described  in  paragraphs  2.3  ana  2.4. 


2 . ; j  rncrouyhiy  clean  the  inside  of  the  3/t/V.  ..ip"  all 

surfaces  clean  and  free  of  visible  moisture.  Close  and  secure 
ail  accesses,  doors  and  op  e  n  i  n  y  s  in  the  S/T/V  •  lii  stall  a 
humidity  indicator  in  the  hole  provided  in  the  upper  riyht  hand 
corner  of  the  FBSDH  system  cover  and  install  the  FBSDH  system 
cover.  Install  a  humidity  indicator  in  the  holder  installed  in 
.ia  c  a  1 1  r  a  ,ih  2.6  ano  2  .  /  • 


APPENDIX  B 


FREE  BREATHING  STATIC  DEHUMIDIFICATION  SYSTEM 
(PROTOTYPE  UNIT) 

1.0  INTRODUCTION 

1.1  The  FBSDH  system  is  intended  to  provide  a  dry  storage 
environment  for  materiel  inside  of  S/T/V  by  maintaining  a  rela¬ 
tive  humidity  of  40  percent  or  less  during  the  diurnal  breatniny 
cycles. 

1.2  Changes  in  the  atmospheric  temperature  will  create  changes 
in  the  air  flow  through  the  FBSDH  system.  As  the  interior  temper¬ 
ature  of  the  S/T/V  will  increase/  the  interior  pressure  will  tend 
to  increase  causing  the  air  in  the  S/T/V  to  flow  out.  As  the 
interior  temperature  in  the  S/T/V  decreases,  the  interior  pres¬ 
sure  decreases  tending  to  cause  air  to  flow  in.  These  daily 
changes  in  atmospheric  conditions  is  called  the  diurnal  cycle.  In 
the  inflowing  phase  of  the  diurnal  cycle,  the  air  is  usually 
humid.  This  inflow  of  humid  air  raises  the  RH  in  the  S/T/V  and 
causes  deterioration  of  materiel  inside  the  S/T/V.  The  FBSDH 
system  is  designed  and  installed  so  that  the  flow  of  air  into  and 
out  of  the  S/T/V  will  flow  through  the  FBSDH  system  thus  drying 
the  air  and  preventing  the  increase  in  RH  in  the  S/T/V  from 
exceeding  40  percent. 

1.3  The  FBSDH  system  is  used  initially  for  reducing  the  RH  below 
40  percent  in  the  S/T/V  (called  the  draw-down  phase)  and  also  for 
maintaining  the  RH  in  the  S/T/V  below  40  percent  (called  the 
service  phase ) . 

1.4  The  FBSDH  system  is  intendea  only  for  installation  in  S/T/V 
that  are  designed  ana  fabricated  to  have  an  established 
pressure/vacuum  decay  cate  that  will  be  determined  from  this 
field  test  operation. 

2.0  DESCRIPTION  OF  FBSDIJ  SYSTEM 

2.1  A  -cinematic  diagram  of  the  FBSDH  system  is  shown  in  Figure 
1.  It  conoid  to  of  a  ...ajor  unit  to  be  mounted  in  a  wall  or  door 
of  a  S/T/V  ami  i  separate  humidity  indicator  to  be  mounted 

re  me  tel*  fro...  the  major  unit  to  monitor  the  atmosphere  inside  cf 
the  S/T/V.  The  major  unit  contains  three  (3)  ceplaceaDle  desic¬ 
cant  cartridges. 

2.2  The  wj.r  unit  a  tno  FBSDH  System  is  a  housing  2B"  high  x 
15-1/2"  wioe  x  V"  do<_v  ana  -eighs  14  pounds.  Tno  housing  con¬ 
struct  ion  include-  o  1  i  i.'njo.  The  flange  contains  28  1/4" 
diameter  noles  to  ou  u-eb  tor  mounting  the  FBSDH  system  on  the 
3/T/V.  Inside  ct  tno  nousing  io  a  oaf  fie  system  which  contains 
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chambers  for  installation  of  desiccant  cartridges.  The  baffle 
system  includes  a  breathing  tube  and  passage  to  direct  the  flow 
of  breathing  air  through  the  desiccant  cartridges.  The  major 
unit  is  provided  witn  a  cover  which  is  attached  to  the  housing 
with  22  captive  screw  type  fasteners.  In  the  upper  right  hand 
corner  of  the  cover  is  a  Humidity  Indicator  used  to  monitor  the 
condition  of  the  desiccant  charge.  An  inlet  elbow  is  attached  to 
the  lower  right  hand  corner  of  the  cover.  A  rubber  plug  for  the 
inlet  opening  is  attached  to  the  cover  by  a  chain. 

2.3  Three  cartridges  of  silica  gel  are  provided  with  each  FBSDH 
system.  Each  cartridge  contains  approximately  17  pounds  of  silica 
gel  MIL-D-3716,  Type  II/  grade  H.  The  total  of  51  pounds  of 
silica  gel  is  equivalent  to  approximately  600  units  of  desiccant. 
The  top/  bottom,  and  three  sides  of  the  cartridges  are  of  perfor¬ 
ated  aluminum  alloy.  The  fourth  side  or  edge  of  the  cartridge  is 
solid  (unperforated).  The  rubber  strip  in  the  cartridge 
construction  is  to  seal  the  cartridge  to  the  baffle  assembly 
when  the  cartridges  are  installed  in  the  housing.  Figure  4  shows 
a  cartridge. 

2.4  The  cartridges  are  designed  to  be  installed  with  the  unper¬ 
forated  surface  facing  outside  the  S/T/V  for  the  draw-down  phase 
(Figure  5).  In  this  configuration  a  large  area  of  desiccant  is 
exposed  to  the  humid  air  inside  the  S/T/V.  For  the  service  phase 
the  cartridges  are  installed  with  the  unperforated  surface  facing 
inside  the  S/T/V.  In  this  configuration  the  breathing  air  flows 
through  the  cartridges. 

2.5  A  charge  of  silica  gel  in  the  FBSDH  system  is  used  to  adsorb 
moisture  from  the  inbreathing  humid  air.  The  outbreathing  air 
from  the  interior  of  the  S/T/V  flows  through  the  charge  of  silica 
gel  in  a  path  that  it  will  remove  some  of  the  absorbed  moisture 
from  the  silica  gel  (Figure  6),  and  dissipate  it  into  the  exter¬ 
nal  environment. 

2.6  Pressure  drop  of  the  air  flow  through  the  system  is  0.01 
inches  of  water.  (It  should  be  noted  that  the  lower  the  pressure 
drop  through  the  system,  the  more  likely  it  is  that  breathing  air 
will  flow  through  the  system,  rather  than  leaking  into  the  S/T/V 
through  some  other  path). 


APPENDIX  C 


TESTING  SHELTER/TRAILER/VAN  FOR  TIGHTNESS  PRIOR  TO  USE  OF  THE 
FREE  BREATHER  STATIC  DEHUMIDIFICATION  SYSTEM 

1.0  INTRODUCTION 

1.1  It  is  important  that  the  structure  of  an  S/T/V,  in  which  a 
FBSDH  system  is  installed/  be  air  tight.  Leakage  of  humid  air  and 
water  into  the  S/T/V  must  be  eliminated  for  the  breathing  cycles 
to  pass  through  the  FBSDH  system. 

1.2  Since  our  concern  is  the  leakage  of  air/  a  method  of  testing 
using  air  is  required.  A  pressure/vacuum  decay  rate  has  not  been 
established;  therefore/  it  is  essential  to  retain  all  data  to 
determine  the  decay  rate  criteria. 

1.3  The  first  step  in  the  air  tightness  test  is  to  stabilize  the 
S/T/V  for  12  hours  in  an  environment  that  is  not  in  direct 
sunlight.  The  environment  stabilizing  the  S/T/V  must  also  not 
have  changed  more  than  10  degrees  F  during  this  stabilization 
time. 

1.4  The  second  step  in  the  air  tightness  test  is  a  thorough 
visual  internal  and  external  check  of  the  condition  of  the 
S/T/V.  Warped  doors/  small  openings/  missing  fasteners  and 
deteriorated  gaskets  and  seals  should  be  repaired  during  this 
check. 

1.5  Since  the  FBSDH  system  will  be  placed  in  service  as  soon  as 
the  tightness  test  is  completed/  the  interior  of  the  S/T/V  should 
be  clean/  dry  and  ready  for  installation.  Equipment  in  the  S/T/V 
should  be  properly  secured.  Required  documentation  such  as  a 
T.O.,  shipping  instruction/  etc./  for  the  equipment  in  the  S/T/V 
should  be  checked. 

1.6  The  method  of  testing  shall  consist  of  applying  low  pressure 
air  to  the  inside  of  the  S/T/V  and  checking  the  outside  of  the 
S/T/V  for  leakage  using  a  soap  bubble  test.  When  all  leaks  have 
been  corrected/  a  vacuum  shall  be  applied  to  the  S/T/V.  Finally/ 
the  differential  pressure/  between  the  inside  and  the  outside  of 
the  S/T/V /  shall  be  measured  and  recorded  along  with  the  time 
required  to  hold  the  2.0"  WP. 

1.7  The  pressure  test  is  used  to  apply  a  pressure  to  the  inside 
of  the  S/T/V  so  that  leaks  can  be  found  using  the  soap  bubble 
method.  The  vacuum  test  is  used  as  a  final  test. 


2.0  TEST  EQUIPMENT 


2.1  The  equipment  ce^uicaa  toe  the  tost  io  ^r.ywn  on  Figure  i. 

It  consists  of  a.  Vac/Blower  a  toot  manifold,  «.  manometer  aiu 
noses  to  connect  tne  test  eyuip...ent  to  the  FbSDH  and  to  the 
Vac/Dlowe-r . 

2.2  i’he  Vuc/Ulowec  supplies  the  positive  pressure  f of  the 
pressure  teat  and  the  vacua...  tot  the  vacuum  teat. 

2.3  The  manometer  is  usea  to  measure  the  differential  press ut  o 
and  the  rate  at  whicn  tlie  differential  proi-sur decays. 

2.4  Thin  ..ailed  flexible  rubber  hose  is  used  to  connect  the 
Vac/Blower  to  the  manifold  and  the  manifold  to  the  inlet  of  the 
F3SDH.  Hose  clamps  will  oe  required  on  tne  enas  of  this  nos e  to 
prevent  leakage. 

3.0  PRESSURE  TEST 

3.1  Connect  the  test  l.ianifold  to  the  FBSDH,  as  shown  on  Figure 
9.  Close  Valve  "A."  Connect  the  Vac/Blower  pressure  side  to 
the  manifold. 

3.2  Start  the  Vac/Blower. 

3.3  Slowly  open  Valve  "A"  while  observing  the  pressure 
differential  on  the  manometer.  If  the  manometer  is  less  than 
2.0"  WP  restrict  the  openin-j  to  obtain  2.0"  WP. 

3.4  Usiny  a  soap  solution  check  all  potential  sources  of  leukaye 
in  the  S/T/V.  Source:;  of  leukaye  would  be  joints,  penetrations, 
door  gaskets  ana  oimilar  places.  Duriny  this  test,  check  the  hos 
connection  between  the  manifold  and  tne  FBSDU  system.  t  .  S  leaks 
are  found  they  should  be  corrected  or  .narked  for  correction. 

3.5  Correct  leaks  oy  use  of  approved  sealiny  compounds,  caulkiny 
materials  and  tape.  Recommended  sealiny  compound  is  a  polysulfide 
compound,  PR-463,  which  is  in  accordance  with  dlL-S-Bl  / 33 ,  type 
1-2  (solvent!.  This  should  be  applied  m  well  ventilated  area. 
Refer  to  TO  35S4-1-162,  paraycaphs  4-15,  4-16  and  4-17  for 
instructions  on  application  procedures. 

3.6  Close  Valve  "A".  Observe  tiie  decay  of  pressure  on  the 
manometer.  The  pressure  differential  should  slowly  decay.  Record 
the  time  required  to  hold  2.0"  WP. 

4.0  VACUUM  TEST 

4.1  Connect  the  Vac/Blower  for  suction  on  the  test  manifold. 
Close  Valve  "A".  Start  the  Vac/Olower. 

4.2  Slowly  open  Valve  "A"  while  ooseeviny  t.ie  differential 


pressure  reading  on  Uii  uaiutsla.  Becocu  tne  time  to  nolo  2.o" 

WP. 

4.3  Pepeat  tne  test  and  the  vacuum  test  as  necessary  to 

ensuce  the  S/T/V  does  not  leax. 

5.0  DATA  TO  3D  RECORDED 

o.l  A  certification  sneet  showing  that  the  tost  has  been 
completeo  snould  oe  Kept  on  file. 

5.2  A  record  of  trie  repairs  made  and  the  condition  of  the  S/T/V 
should  ce  kept  on  file. 

6.0  KETESTIbO 

u . 1  The  pressure  ana  vacuum  test  should  be  repeated  in  the  event 
of  damage  to  the  3/T/V,  noticeable  deterioration  of  the  seals  or 
structure  of  the  S/T/V  ir  modifications  to  the  S/T/V. 

6.2  The  pressure  and  vacuum  tests  should  be  repeated  in  the 
event  the  relative  humidity  indicators  installed  with  the  FDSDti 
show  that  the  desiccant  charge  is  exhausted  in  a  shorter  time 
than  expected. 

UOTE : 

1.  Immediately  upon  satisfactory  completion  of  this  test  the 
FBSDH  system  should  be  put  in  service  in  the  draw-down  mode. 
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A  P  P  E  N  u  1 X  L 


PREPAKATIOU  AMD  .iAI MTEMAUCE  Jt1  FREE  BREATiil.<G  STATIC 
DEUUMIDiFICATION  SYSTEMS  FOR  FIELD  SERVICE  TESTING 


l.J  INTRODUCTION 


1.1  Ino  FEE  Dll  System  is  intenUtu  to  provide  a  cry  stoca^vi 

cuv  lCoriiii^iiC  tot  4iici  t  o  r 1 a 1  inti  go  o  L  3  /  i!  /  J  s  uy  mainteinihy  a  t\n  o  L 

40  percent  or  leas  olciilj  tne  diurnai  breathiny  cycles. 


1.2  Tne  EB5J1I  System  was  csesiynod  tor  a  service  life  ol 
In  an  en v i r onment  ol  -40  decree  F  (-40  ueyree  C)  to  il53 
(+oB  ueyree  C)  when  installed  in  a  3/T/V  size  of  3 '  x  3'x 
Durirty  this  period  no  maintenance  should  be  required. 


/.  /cuCJ 

10'  . 


2.0  ACTIVATION  OF  FB5DH  SYSTEM  FOR  SERVICE 


2.1  The  draw  down  phase  nas  oeen  completed  when  the  remote 
humidity  indicator  reads  40  percent  or  less.  The  FBSL'H  s/ste... 
service  phase  is  ready  to  bey  in. 

2.2  Prepare  for  replacement  of  the  desiccant  cartridyes  ay 
ensuring  that  three  sealed  packayes  of  desiccant  cartridyes  are 
ready  for  installation. 

2.3  Remove  the  cover  by  iooseniny  the  screw  fasteners  that  hold 
the  cover  to  the  housiny.  Remove  the  desiccant  eartricyes  tnat 
were  used  for  craw  down.  Immediately  install  three  new  desic¬ 
cant  cartridyes.  Tne  cartridyes  are  to  be  installed  with  the 
perforatoa  face  out.  4 hen  properly  installed  tne  cartridyes 
will  ue  fluan  with  the  outsicie  of  the  housiny  (Figure  3).  The 
cartridyes  are  desiynoo  to  be  a  snu-j  fit  in  tne  oaf  Lie  assembly 
chaiioers.  The  oartrioye  seal  must  be  forced  over  the  stops  in 
the  housiny  natfle  assembly. 

2.4  Close  a  no  secure  tne  FBSDE  system  housiny  cover . 

2.5  jj  not  discard  tne  desiccant  cartriayes  use u  tor  the  ora* 
down  phase.  They  may  ue  refilled  or  reactivates ,  refer  to 
paragraph  4.0  for  procedure. 

->.0  .1 A 1  NT  i'.  N  ANC  i  ’  OF  FB3Ui)  SYSTEM 
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jiioo  j  tiiontiii/  ljo  L  n  njaiioiLy  ihuiCd  toifo 

i.l-  y  ^  n  O  Li  1 0  iiHiiCutt:  -*0  OL'  lo£:  .<!*• 


3./  I  L  tile  ii  U».-  1  C  i  L  j  1  i  k:  i  C  j  tbl  III  *C  i  1  cr  CCVO  J  oi  tilt-  o/  -  t 

OilO  Wo  Oil  .v»i  O  £  Ut'  l  Jw  t  0  ^ci'ce’llt  ciiiil  u  1 1 C  LOwoLo  i.ni,  CutOL  c  il  C  ^ 
■  ^  i  >  Ol  tiiOL  C  L  I  l  U  i  i  mO  ^  w  L  O  —  :  1  l.  /  \  O  /  l  /  J  i  O'  1  v.-  vi  1  il  j  •  ;  *  Li  t  G  C  ill  1 . 1  O 

oourco  ol  um--  kMi;o.ML  anci  cocceot  iont..  hLjet st  c ii 3/T/V 


described  in  Appendix  C  and  repeat  the  draw  down  as  described  in 
Appendix  D. 

3.3  If  the  humidity  indicator  in  the  cover  shows  an  RH  ol  great¬ 
er  than  or  equal  to  40  percent  and  the  remote  inuicutoc  ohows  an 
RH  of  40  percent  or  less,  the  desiccant  cartridyes  should  be 
replaced.  During  this  period,  monitor  the  remote  indicator  twice 
daily.  If  the  RH  at  the  indicator  does  not  exceed  40  percent,  it 
is  not  necessary  to  repeat  the  draw-down  phase.  If  the  RH  at  the 
remote  indicator  exceeds  40  percent,  the  S/T/V  is  leaking.  Deter¬ 
mine  the  source  of  leakage  and  make  corrections.  Retest  the 
S/T/V  and  repeat  draw-down. 

4.0  REACTIVATION  OF  THE  FBSDH  SYSTEM  CARTRIDGES 

4.1  Desiccant  cartridyes  may  be  reactivated  by  placing  them  in 
a  dry  vented  oven  which  has  been  heated  tc  260  degree  F.  Before 
activation  the  cartridge  should  be  weighed  and  the  weight 
recorded.  The  cartridge  should  remain  in  the  oven  for  48  hours. 
Remove  the  cartridge  and  record  the  weight.  The  weight  of  the 
reactivated  cartridge  assembly  should  be  close  to  that  marked  on 
the  cartridge  name  plate.  If  the  weight  of  the  cartridge  and 
desiccant  exceeds  the  weight  marked  on  the  cartridge  label  plate 
by  more  than  2  pounds,  return  the  cartridge  to  the  oven  for 
another  48  hours.  When  the  weight  condition  had  been  achieved, 
mark  the  weight  on  the  proper  line  on  the  cartridge  name  plate. 

If  the  cartridge  is  not  to  be  placed  in  service  immediately,  it 
shouid  be  packaged  according  to  MIL-P-116,  submethod  1A-14.  Tag 
the  package  to  indicate  date  of  reactivation  and  weight. 

4.2  Cartridges  may  be  disassembled  and  desiccant  reactivated. 

To  disassemble  a  cartridge,  remove  the  eight  flat  head  machine 
screws  holding  the  cartridge  top  to  the  sides  of  the  cartridges. 
Note  how  the  cartridge  seal  is  assembled  between  the  cartridge 
solid  edge  and  the  cartridge  top.  This  seal  must  be  reassembled 
in  the  same  fashion.  If  any  part  of  the  cartridge  seal  is 
damaged,  the  cartridge  should  be  returned  to  a  repair  base  for 
repairs . 

4.3  Open  the  nylon  bag  containing  the  desiccant  and  pour  the 
desiccant  into  a  clean  container.  Examine  the  nylon  bag.  If 
the  bag  is  torn,  it  may  be  repaired  by  patching.  Retain  the 
nylon  bag  for  reuse. 

4.4  Weigh  the  desiccant  and  spread  it  on  a  clean  flat  metal 
pan.  Place  the  pan  in  a  dry,  vented  oven  at  a  temperature  of 
260  degree  F.  The  desiccant  should  be  allowed  to  remain  in  the 
oven  for  24  hours.  Remove  the  pan  and  desiccant  and  weigh  the 
desiccant.  The  weight  of  the  desiccant  should  be  close  to  that 
shown  on  the  cartridge  nameplate.  If  the  weiyht  exceeds  the 
name  plate  weight  by  more  than  2  pounds,  the  desiccant  should  be 


returned  to  the  oven  for  another  24  hours*  or  until  the  weight 
condition  has  been  achieved. 


4.5  Prepare  the  cartridge  for  refilling  by  inserting  the  nylon 
bag  carefully  into  the  aluminum  cartridge  canister.  The  bottom 
of  the  bag  should  be  pushed  to  the  bottom  of  the  canister  and  the 
bag  spread  to  the  insides  of  the  canister.  Pour  the  reactivated 
desiccant  carefully  into  tne  nylon  bag.  Close  the  top  of  the  bag 
with  staples  or  by  sewing.  Replace  the  top  of  the  cartridge 
exercising  caution  to  ensure  that  the  top  portion  of  the  gasket 
seal  is  properly  installed.  Note  the  weight  of  the  cartridge  and 
mark  the  cartridge  name  plate  accordingly.  If  the  cartridge  is 
not  to  be  placed  in  service  immediately,  it  should  be  packaged 
according  to  MIL-P-116,  submethod  1A-14.  Tag  the  package  with  the 
weight  and  date  of  recharging. 

5.0  REFILLING  OF  DESICCANT  CARTRIDGES  WITH  DESICCANT 

5.1  Cartridge  may  be  refilled  with  fresh  desiccant.  Remove  the 
top  of  the  cartridge  in  accordance  with  paragraph  4.2.  Open  the 
nylon  bag  and  discard  the  desiccant.  Note:  The  desiccant  may 
be  saved  by  reactivation  as  described  in  paragraph  4.4.  Check 
the  nylon  bag  as  described  in  paragraph  4.3  and  4.5.  Refill  the 
cartridge  with  silica  gel,  MIL-D-3716  SPEC,  Type  II,  Grade  H. 
Replace  the  top,  checking  the  gasket  seal  and  mark  the  cartridge 
name  plate  as  necessary.  Package  the  cartridge,  according  to 
MIL-P-116,  submethod  1A-14  if  it  is  not  to  be  put  into  service 
immediately . 

6.0  TAKING  FBSDH  SYSTEM  OUT  OF  SERVICE 

6.1  The  FBSDH  system  is  taken  out  of  service  by  installing  the 
plug  into  the  inlet  elbow  at  the  lower  right  hand  corner  of  the 
FBSDH  system  cover.  Desiccant  cartridges  may  be  removed  or 
retained  in  the  housing. 

7.0  REMOVAL  OF  FBSDH  SYSTEM 

7.1  The  FBSDH  system  may  be  removed  from  the  S/T/V  by  unbolting 
the  FBSDH  system  housing  flange.  The  remote  separate  RH 
indicator  tube  may  be  removed  by  unbolting  the  flange  from  the 
S/T/V. 

7.2  Blank  the  openings  in  the  S/T/V  with  suitable  metal  plate, 
properly  sealed. 


TABLE  I 


INTERIM  REPORTING 

1.  Type  A:  Telephonic  Communication 

Frequency:  Once  per  week  for  four  weeks 

Contents:  Review  of  performance  of  FBSDH  during  the  previous 

seven  days. 

2.  Type  B:  Written  Report 

Frequency:  Once  per  month  for  duration  of  project 

Content : 


a.  It  should  be  noted  that  data  was  recorded  each  day, 
every  hour  within  the  24-hour  period,  for  each  of  the  five 
shelters. 


b.  Exterior  temperature  and  relative  humidity  readings 
correspond  to  0400  and  1600  hours  denoting  the  maximum 
environmental  changes  in  the  SM-ALC  area  according  to  data  from 
the  USAF  weather  station. 

c.  General  weather  conditions  for  each  7-day  period. 

d.  This  report  will  also  include  all  pertinent 
information  that  the  engineers  of  record  regard  as  a  significant 
contribution  tc  the  document  of  this  field  test. 

3.  As  the  project  goes  forward,  reporting  procedures  will  be 
adjusted  as  required. 
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t  ielo  to.;':  r.-ecation  wa-  initiated;  therefore,  multiple  trials; 
were  ejcforued  on  eacn  shelter  during  the  sealing  operations. 
When  the  best  possible  decay  time  was  recorded  on  any  yiven 
shelter,  the  sealinj  process  was  discontinued. 
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Figure  13. 

Field  Layout  at  HQ  AFLC/DSTZD,  Wright-Patt  AFB  OH 
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Figure  22 
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DISTRIBUTION  LIST 

DTIC/FDAC 
Cameron  Station 
Alexandria  VA  22304-6145 

HQ  AFLC/DSTZ  Library 
Wright-Patterson  AFB  OH  45433-5999 

HQ  AFLC/DSTP 

Wr ight-Patterson  AFB  OH  45433-5999 

HQ  USAF/LETT 
Wash  DC  20330 

OC-ALC/DST 

Tinker  AFB  OK  73145 

00-ALC/DST 

Hill  AFB  UT  84406 

SA-ALC/DST 

Kelly  AFB  TX  78241 

SM-ALC/DST/DSTD 
McClellan  AFB  CA  95652 

WR-ALC/DST 

Robbins  AFB  GA  31098 
ASD/AWL 

Wr ight-Patterson  AFB  OH  45433 
DLSIE/AMXMC 

USA  Logisitics  Mgt  Ctr 
Ft  Lee  VA  23801 

US  AMC  Packaging,  Storage,  and 
Containerization  Center/SDSTO-T 
Tobyhanna  PA  18466 

US  Army  Natick  Labs/STRNC-ES 
Natick  MA  01760 

NAVSUPSYSCMO/ SUP-0321A 
Wash  DC  20376 

ASO/TEP-A 

700  Robbins  Ave 

Philadelphia  PA  19111 


DISTRIBUTION  LIST  (Cont'd) 

US  Army  AMCCOM/SMCAR-AED 
Dover  NJ  07801-5001 

GSA ,  Office  of  Engineering  Mgt 
Packaging  Division 
Wash  DC  20406 

HQ  DLA/OWO 
Cameron  Station 
Alexandria  VA  22304-6145 

ASD/ALXP 

Wriy ht-Patterson  AFB  OH  45433 

AFSC  AD/YNP/YNEP 
Eglin  APB  FL  32542 

HQ  AFLC/DS/DST 

Wright-Patterson  AFB  OH  45433 
HQ  AFCC/MMA 

Wriyht-Patterson  AFB  OH  45433 
AFALC/CV 

Wright-Patterson  AFB  OH  45433 
AFALC/OA 

Wright-Patterson  AFB  OH  45433 
AFLC  LOC/CV 

Wright-Patterson  AFB  OH  45433 
AFLC  LOC/TL 

Wright-Patterson  AFB  OH  45433 
ASD/TAM/TAME 

Wright-Patterson  AFB  OH  45433 
ESD/  XRMS 

Hanscom  AFB  MA  01731 
Attn:  Major  Ron  Ege 

SM-ALC/DSQS 

McClellan  AFB  CA  95652 

SM-ALC/MMET  (John  Waskewicz) 

McClellan  AFB  CA  95652 
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DISTRIBUTION  LIST  (Cont'a) 


SM-ALC/MMCGE 
McClellan  AFB  CA  95652 
Attn:  Georye  Isley 

SM-ALC/MAIPG 
McClellan  AFB  CA  95652 

AGM  Container  Controls  inc. 

3526  ii.  Ft.  Lowell  Road 
PO  Box  40020 
Tucson  AZ  35717-0020 
Attn:  Royer  Stewart 

U.S.  Army  Research,  Development, 
Engineering  Center/STRHC— UST 
Attn:  Nick  Patav 
Natick  MA  01756-5000 


